Introduction
============

Total knee arthroplasty (TKA) has been performed with increasing frequency with the advent of aging society and economic development. TKA provides successful outcome in ≥90% of patients due to the improvement in implant design and surgical techniques[@B1],[@B2]. However, the increase in the employment of the procedure has led to a greater need for revision TKA[@B3]. Advanced implant design and surgical techniques have also enabled revision TKA to yield more promising results. Still, revision TKA is less satisfactory than primary TKA in many cases with reported success rates of 30-89%. In addition, revision procedures are technically more demanding because of the bone loss during implant removal, instability, skin and soft tissue vulnerability, and infection[@B2],[@B4]-[@B6].

The causes of revision TKA can be largely divided into infectious and non-infectious. Non-infectious causes are often related to component loosening, wear, instability, malalignment, and periprosthetic fractures. The results of revision TKA for non-infectious reasons were less satisfactory than those of primary TKA in some studies[@B4],[@B7], whereas comparable to the primary surgery according to the study by Insall and Dethmers[@B8].

The incidence of deep infection following TKA has been decreasing due to the development of prophylactic antibiotics and thorough infection control, but infection is still known as one of the most common causes of revision[@B9]. Among various treatment options for infection after TKA including continuous antibiotic infusion, debridement, revision TKA, and arthrodesis, two-stage reimplantation has been considered as the gold standard[@B10],[@B11]. There are numerous studies showing the results of revision TKA for infection are less satisfactory than those for non-infectious causes. This was attributed to limited joint movement after surgery and unstable implant fixation due to severe bone defect and soft tissue damage[@B1],[@B4],[@B11]-[@B13]. On the other hand, Bose et al.[@B14] reported there was no significant difference in the clinical results of revision TKA between the infected and non-infected groups, and Park et al.[@B15] obtained successful results of two-stage reimplantation using mobile antibiotic-impregnated cement spacers in TKA patients with infection. In the study by Patil et al.[@B16], the clinical results of septic revision TKA were superior to those of aseptic revision TKA.

There are few comparison studies on infected and non-infected revision TKA because of the small number of revision TKA cases compared to primary TKA and accompanying bone deficiency and other complications. The purpose of this study was to compare the clinical and radiographic results of revision TKA using a mobile-bearing cemented prosthesis between the infected group and non-infected group.

Materials and Methods
=====================

Of the 46 patients who underwent revision TKA at our institution between February 2004 and February 2009, 36 patients who were available for ≥2 years of follow-up were included in this study. When the total revision TKA patients were divided into the infected group and non-infected group, the number of patients who were followed up for ≥2 years were 21 out of 26 in the infected group (follow-up rate, 80.8%) and 15 out of 20 in the non-infected group (follow-up rate, 75.0%). Their mean age at the time of revision surgery was 68.3 years (range, 48-90 years) in the infected group and 66.0 years (range, 56-75 years) in the non-infected group. There were 7 males (3 in the infected group and 4 in the non-infected group) and 29 females (18 in the infected group and 11 in the non-infected group). In the infected group, 4 patients had primary TKA at our institution and were diagnosed with infection during the postoperative follow-up, whereas 17 patients were transferred from other hospitals. The mean interval from primary TKA to the first-stage procedure and from the first-stage procedure one-stage to the second-stage reimplantation was 20.3 months (range, 2.7-108.7 months) and 7.3 months (range, 3.0-16.8 months), respectively, in the infected group. The mean interval from primary TKA to revision was 221.5 months (range, 3.9-1329.5 months) in the non-infected group. The mean follow-up period was 35.7 months (range, 24.2-36.3 months) in the infected group and 50.5 months (range, 27.4-95.9 months) in the non-infected group ([Table 1](#T1){ref-type="table"}). There was no statistically significant intergroup difference in the age and the mean follow-up period (p\>0.05).

Infection was diagnosed if any of the following criteria were satisfied: 1) presence of systemic symptoms of infection such as pain and swelling of the knee and a joint fluid white blood cell count of (WBC) ≥20,000-30,000/µL with polymorphonuclear leukocytes ≥90% or a positive joint fluid culture; 2) a positive bacterial culture from a specimen obtained during the first-stage procedure or ≥5 polymorphonuclear neutrophils per high-power field; 3) a WBC of ≥15,000 cells/mm^3^ with hypersegmented neutrophils ≥90%; 4) an erythrocyte sedimentation rate (ESR) of ≥70-80 mm/hr or a C-reactive protein (CRP) level of 10.0 mg/dL; and 5) presence of draining fistulas[@B17]. In the infected group, two-stage reimplantation was performed using mobile antibiotic-impregnated cement spacers ([Fig. 1](#F1){ref-type="fig"}). Once an infection is diagnosed, debridement and lavage were thoroughly performed. The type of antibiotics used for the cement spacer in the first-stage procedure was determined as those sensitive to cultured organisms. In the cases with negative culture results, 2 g of vancomycin and 2.25 g of tazocin were mixed with 40 g bone cement containing 1 g erythromycin. The spacer was created using each package of bone cement for the tibial area and femoral area. In cases with suspected fungal infection, 50 mg of amphotericin was added to the mixture. In the adjacent soft tissues, 60-90 beads that are 5 mm in diameter and made of the same proportion of antibiotics to cement were implanted. If the preoperative culture was positive, sensitive antibiotics were intravenously injected and if negative, 1 g of cetrazole was administered. The type of antibiotics was changed according to the intraoperative culture results and the intravenous administration was continued for 6 weeks. The second-stage reimplantation was planned if systemic symptoms accompanying knee pain, suppuration, open wounds, and fistulas disappeared and blood parameters such as WBC, ESR, and CRP were normal in more than two consecutive assessments performed with an interval of 1 month. The final revision procedure was performed if ≤5 polymorphonuclear leukocytes were observed on the intraoperative frozen section biopsy of specimens from ≥3 areas with a magnification of ×400 and there was no sign of infection observable with the naked eye. In cases with 5-10 polymorphonuclear leukocytes, revision was determined if infection was considered resolved based on the assessment of clinical symptoms, postoperative condition, blood test results, and intraoperative naked-eye inspection.

In the non-infected group, the causes of revision were component loosening in 4, polyethylene wear and breakdown in 4, instability in 2, periprosthetic fracture in 3, and polyethylene dislocation in 2 patients, on all of which one-stage revision was performed. In 2 patients, periprosthetic fracture was accompanied by component loosening.

In the revision TKA, rectus snip was performed in 11 patients in the infected group and 15 patients in the non-infected group, whereas tibial tubercle osteotomy was done in 8 patients in the infected group and in none of the non-infected group. V-Y Quadricepsplasty was not used in both groups. The LCCK system (Zimmer, Warsaw, IN, USA) and Scorpio system (Stryker Howmedica Osteonics, Mahway, NJ, USA) were used in 12 and 9 patients, respectively, in the infected group (n=21) and in 8 patients and 1 patient, respectively, in the non-infected group (n=15). In the remaining patients of the non-infected group, revision surgery was performed using the PFC Sigma knee system (Johnson & Johnson, Warsaw, IN, USA) in 2 patients, the rotating Hinge system (Stryker Howmedica Osteonics) in 1 patient with severe instability, and the NexGen system (Zimmer) and stems in 3 patients with relatively little bone loss. Both the femoral and tibial stems were used in all of the patients in the infected group and in 5 patients in the non-infected group. In the remaining patients of the non-infected group, a femoral stem was used in 2 patients and a tibial stem in 2 patients. Metal augmentation for bone defect was used in 20 patients for the femur and 14 patients for the tibia in the infected group and in 5 patients for the femur and 3 patients for the tibia in the non-infected group. Structural bone graft reconstruction was performed in 1 patient in the infected group and in 2 patients with severe periprosthetic fracture in the non-infected group ([Table 1](#T1){ref-type="table"}).

The postoperative rehabilitation protocol was the same in both groups. Continuous passive motion was initiated from the 1st postoperative day. Active motion exercises and quadriceps femoris strengthening exercises were started from the 2nd postoperative day. Once normal quadriceps femoris strength was achieved, partial weight bearing with crutch assistance was initiated. Weigh bearing was not permitted until radiographic evidence of union was achieved in patients with tibial tubercle osteotomy or struactural bone allograft reconstruction. The patients were educated to continue with the rehabilitation program after hospital discharge and asked for regular follow-up at 3, 6, 9, 12 months after surgery and once a year thereafter.

Clinical and radiographic assessments were performed in all the patients preoperatively and at the last follow-up. The clinical assessment was based on the range of motion (ROM), Hospital for Special Surgery (HSS) score, Knee Society score (KSS), and Western Ontario and McMaster Universities (WOMAC) score. The ROM was measured using a goniometer by the same surgeon. In the infected group, the ROM measured before the first-stage procedure was used as the preoperative ROM. On the radiographic assessment, the Knee Society roentgenographic evaluation system was used to assess the femorotibial angle, radiolucency around the femur and tibia on the anteroposterior and lateral radiographs[@B18]. Changes in the joint line height were also included in the assessment. The joint line height in the unoperated contralateral knee was compared with the postoperative height in the operated knee. If the contralateral knee had been operated, the measurement obtained before primary TKA was used for the assessment. The joint line height was measured as the perpendicular distance between a line connecting the most distal points of the medial and lateral femoral condyles and a parallel line extending to the fibular head on the anteroposterior radiographs. The distance between the medial and lateral condyles of the femur was measured on the contralateral knee and the operated knee to avoid errors caused by radiographic image magnification ([Fig. 2](#F2){ref-type="fig"}). Statistical analysis was done using the SPSS ver. 14.0 software (SPSS Inc., Chicago, IL, USA). According to the normality test, intergroup comparisons were made using the parametric Student\'s t-test and the nonparametric Mann-Whitney test.

Results
=======

1. Clinical Results
-------------------

The mean ROM was improved in both groups from 65.2° (range, 0°-125°) preoperatively to 101.7° (range, 90°-130°) postoperatively in the infected group and from 99.9° (range, 0°-140°) preoperatively to 117.8° (range, 85°-140°) postoperatively in the non-infected group. The increase in the ROM was significantly high in the infected group compared to the non-infected group. The pre- and postoperative ROM values were significantly greater in the non-infected group (p=0.004, p=0.008) ([Table 2](#T2){ref-type="table"}).

The HSS score was significantly improved postoperatively in both groups (p\<0.001). There was no statistically significant intergroup difference in the mean preoperative HSS score, but the mean postoperative HSS score was remarkably greater in the non-infected group (p=0.039) ([Table 2](#T2){ref-type="table"}).

The mean Knee Society Knee Score (KSKS) and Knee Society Function Score (KSFS) were improved postoperatively in both groups (p\<0.001). There was no notable intergroup difference in the mean preoperative KSKS and KSFS, but the mean postoperative values were significantly greater in the non-infected group (p=0.017, p=016) ([Table 2](#T2){ref-type="table"}).

The mean WOMAC score was 60.8 preoperatively and 30.3 postoperatively in the infected group and 60.9 preoperatively and 21.2 postoperatively in the non-infected group. The mean preoperative WOMAC score was not significantly different between the groups (p=0.468), but the mean postoperative value was notably higher in the non-infected group (p=0.005) ([Table 2](#T2){ref-type="table"}).

2. Radiographic Results
-----------------------

The mean femorotibial angle was corrected from 4.1° varus preoperatively to 3.8° valgus postoperatively in the infected group and from 4.7° varus preoperatively to 5.7° valgus postoperatively in the non-infected group and there was no significant different between the groups in the pre-and postoperative values (p=0.468, p=0.056) ([Table 2](#T2){ref-type="table"}). A radiolucent zone of ≥2 mm was not observed in all patients during the follow-up, whereas \<2 mm radiolucent lines were observed in 3 patients (2 in the infected group and 1 in the non-infected group). All the radiolucent lines did not progress during the follow-up period ([Figs. 3](#F3){ref-type="fig"}, [4](#F4){ref-type="fig"}). The mean increase in the joint line height was 0.5 mm in the infected group and 2.1 mm in the non-infected group. More than 8 mm change in the joint line height was observed in 2 patients in the infected group and in 1 patient in the non-infected group ([Table 3](#T3){ref-type="table"}).

3. Complications
----------------

Deep infection occurred in 3 patients in the infected group and in 1 patient in the non-infected group. The patients had no reinfection at one year after two-stage reimplantation and obtained good ROM (5°-100°). During the postoperative rehabilitation period, a patellar tendon rupture in and a periprosthetic fracture were observed in 1 patient each in the non-infected group. The ruptured patellar tendon was treated with patellar tendon suture and quadriceps femoris turndown technique and the fracture with fixation using a metal plate.

Discussion
==========

On the clinical outcome of revision TKA, Insall[@B10] reported that good or excellent results were obtained in 89% of patients, whereas satisfying results were achieved in 46% in the study by Goldberg et al.[@B4] and in only 30% in the study by Cameron et al.[@B2]. Direct comparison of these studies is difficult due to the differences in the follow-up period and criteria of success and failure. However, the general consensus is that the results of revision TKA is less satisfactory than those of primary TKA due to a variety of factors including the soft tissue weakness, bone deficiency, limited ROM before revision.

Many studies have shown that the results of revision TKA including the postoperative ROM are inferior in patients with infection than those without infection[@B1],[@B4],[@B11]-[@B13]. This can be attributed to restriction on the ROM, preoperative joint function impairment, and soft tissue fibrosis due to repeated operations in patients with an infection[@B8],[@B11]. However, some recent studies have suggested that revision TKA for infection can be as successful as that for non-infectious causes with use of mobile antibiotic impregnated cement spacers to compensate for bone loss and soft tissue fibrosis[@B19],[@B20]. On the other hand, Wang et al.[@B21] reported that the non-infected group obtained higher knee score and greater ROM than the infected group, whereas the function score and patient satisfaction were identical in both groups. And, Patil et al.[@B16] reported that the SF-36 score, a quality of life index, and knee score were higher in the infected group than non-infected group. Likewise, there is diverse comparative reports on results of the infected and non-infected groups. In the current study, the clinical results based on the HSS score, KSKS, KSFS, and WOMAC score were more satisfying in the non-infected group at statistically significant levels (p\<0.05). The pre- and postoperative ROM were significantly greater in the non-infected group (p\<0.05). We attributed these results to the fact that the ROM before the primary procedure was smaller in the infected group, repeated operations resulted in more soft tissue and skin damage, and the ROM was limited due to the use of antibiotic impregnated cement spacers in the two-stage reimplantation.

However, the clinical and radiographic results were within the satisfactory range in the infected group as well. Recurrence of an infection could be prevented with proper curettage. Joint mobility could be maintained during infection healing with the use of mobile antibiotic impregnated cement spacers for prevention of soft tissue adhesion. Balanced flexion-extension gap was achieved and joint line height was restored by using the stemmed prosthesis and metal augmentation to compensate for bone loss. On the clinical results, the mean postoperative ROM (104.2°; range, 90°-130°) in the infected group was satisfactory. Considering that ≥120° of high flexion is necessary for kneeling and sitting cross-legged on the floor in Korean culture, therefore, the relatively low clinical results in the infected group compared to those in the non-infected group can be attributed to the limitations in daily living activities.

The non-infectious causes of revision TKA include implant loosening and wear, instability, and malalignment. Bargren et al.[@B22] reported that malalignment is present in most of the TKA patients. In the current study, the degree of malalignment was greater in the infected group: the mean preoperative femorotibial angle was 4.1° varus in the infected group, whereas 4.7° varus in the non-infected group.

Bone deficiency is one of the most important factors that influence the success of TKA[@B23]. Metal augmentation can be effective in preventing changes in the joint line height, but may cause corrosion in the long-term and accordingly poor overall long-term outcome[@B24],[@B25]. In this study, the infected group had more extensive bone deficiency than the non-infected group. Thus, we used more metal augmentation materials in the infected group during revision surgery, which improved the clinical outcome during the short-term follow-up period. In spite of this, we believe the results should be confirmed by a long-term follow-up.

There is controversy regarding the radiolucency after TKA or revision TKA. Some authors associate radiolucent lines with the lack of firm stabilization between the tibia and bone cement[@B26],[@B27]. On the other hand, Reckling et al.[@B28] reported that the presence of progressive radiolucent lines do not signify looseness of the implant. In this study, ≥2 mm radiolucency was not observed in the tibia and femur in all the patients and the \<2 mm radiolucent lines in 3 patients did not progress or result in loosening of the prosthesis.

Restoration of the joint line height is crucial to the success of TKA. Figgie et al.[@B29] reported that joint line height was significantly correlated with the functional knee score, ROM, patellofemoral pain, and mechanical symptoms, and ≥8 mm change in the joint line height increased the need for revision. Ryu et al.[@B30] reported that the ROM was good in patients with 2.1 mm change in the joint line height, whereas the ROM was poor in patients with approximately 3 times greater changes (5.7 mm). In our study, the mean joint line height elevation was not significantly different between the groups with 0.5 mm in the infected group and 2.1 mm in the non-infected group (p=0.236). A ≥8 mm joint line height change was observed in 2 patients (9.5%) in the infected group and in 1 patient (6.7%) in the non-infected group and they obtained good results at the last follow-up examination. We believe this was because we used stemmed prostheses and metal augmentation to compensate for bone deficiency and soft tissue imbalance and took measures to restore the flexion and extension gap and the joint line height.

The limitations of this study include the retrospective study design, small number of patients, and short follow-up. Further, it is difficult to generalize our findings due to the small study population. Therefore, we believe the results should be confirmed in further studies with a large number of patients.

Conclusions
===========

Revision TKA for non-infectious causes resulted in significantly better outcome than revision TKA for infection. However, revision TKA patients with infectious causes could obtain good results with the use of mobile antibiotic impregnated cement spacers for mobility maintenance during the healing period and proper implant selection for joint line height restoration.

![Radiographs showing mobile cement spacer.](ksrr-24-227-g001){#F1}

![Measurement of the joint line position change on the AP radiograph. (A) a: preoperative joint line height, b: preoperative distance between the medial and lateral femoral epicondyles, (B) c: postoperative joint line height, d: postoperative distance between the medial and lateral femoral epicondyles. The difference (D) between preoperative and postoperative joint line was calculated as: D=(b/d)c-a.](ksrr-24-227-g002){#F2}

![(A) A 74-year-old woman visited our clinic with an infection of the left following total knee arthroplasty that had been done in another hospital 13 months ago. (B) We performed the first stage reimplantation with an articulating cement spacer and beads. (C) The radiograph at 3 years after the revision shows satisfactory results.](ksrr-24-227-g003){#F3}

![(A) A 60-year-old man visited our clinic for left knee pain and the radiograph shows femoral component aseptic loosening. (B) The radiograph at 2 years after the revision shows satisfactory results.](ksrr-24-227-g004){#F4}
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Demographic Data of Revision Total Knee Arthroplasty
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Clinical and Radiologic Outcome of the Infected and Non-infected Revision Total Knee Arthroplasty
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ROM: range of motion, HSS: Hospital for Special Surgery, KSKS: Knee Society Knee Score, KSFS: Knee Society Function Score, FT angle: femoro-tibial angle (varus: +, valgus: -).
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Difference in the Average Joint Line Elevation between the Two Groups
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p-value=0.236.
